Abstract. Nutrient and light are two important environmental factors in seaweed growth. Gracilaria has high potential for uptake of nutrient in sea water. Ammonium ). Furthermore, in second part nutrient uptake rates revealed increasing trend with increasing light intensity. The maximum uptake of ammonium, nitrate and phosphate is 3.06, 1.97 and 0.39 µMl g -1 FW -1 h -1 respectively under 150μmol photons m −2 s −1 in the first hour of experiment. Nitrate and phosphate absorption capacity highly correlated to light intensity conditions meanwhile, no significant effect on ammonium uptake rate collected. Nitrogen removal under different concentrations of nitrate and ammonium were strongly dependent on the concentrations of inorganic concentration N and P.
). Furthermore, in second part nutrient uptake rates revealed increasing trend with increasing light intensity. The maximum uptake of ammonium, nitrate and phosphate is 3.06, 1.97 and 0.39 µMl g -1 FW -1 h -1 respectively under 150μmol photons m −2 s −1 in the first hour of experiment. Nitrate and phosphate absorption capacity highly correlated to light intensity conditions meanwhile, no significant effect on ammonium uptake rate collected. Nitrogen removal under different concentrations of nitrate and ammonium were strongly dependent on the concentrations of inorganic concentration N and P.
INTRODUCTION
Nutrient is the most important factor controlling seaweed growth compared to other environmental factors. Among seaweeds, Rhodophytes have the highest capacity to use excess nutrients as a fertilizer for growth (Holt et al., 2005) . Furthermore, nutrients play the essential role in the photosynthesis process and photosynthesis mechanism (Claussen and Lenz, 1999) and it resulted to the higher growth rate (Juneja et al., 2013) .
Seaweeds could be used as bio filters to remediate the eutrophication, and their cultivation has an essential role in the integrated multi-trophic aquaculture systems. Besides the physiological capabilities for growth and removal of dissolved nutrients, the commercial potential of seaweed species is also important (Abreu et al., 2011; Ribeiro et al., 2013) . Finding optimum condition (light intensity and nutrients concentration) for Gracilaria manilaensis on N and P up taking in order to cleaning coastal areas, preparing suitable aquaculture and raw material harvesting is the concern of this study.
The mechanisms of absorbing nutrients from environment and its usage to form biomolecules through macroalgae have been widely studied (Raven et al., 1984) . Nitrogen is used by plant to produce proteins and chlorophyll, while phosphorus has an important role in transportation of energy and also formation of DNA, RNA and phospholipids (Skriptsova and Miroshnikova, 2013) .
In recent years, there has been a great number of research on how Gracilaria species been using as biofilters in eutrophized aquatic environments (Cohen and Neori, 1991; Schuenhoff et al., 2003) . Many studies reported that macroalgae can significantly reduce nitrogen and phosphorus concentration, control eutrophication, improve health and stability of marine ecosystems and promote sustainable development of aquaculture (Neori et al., 2004; Huo et al., 2011; Joniyas et al., 2016) . Abreu et al. (2011) stated that light is the primary environmental factor that controls the growth and nutrient usage in macro and microalgae. Photosynthetic organisms may survive better under acclimation and adaptation as critical strategies. Light stress is directly affected productivity and nutritional quality of commercial cultivations (Hanelt, 1996) . Effects of different concentrations and different light intensities on uptake rate by G. manilaensis have not been examined in detail, so far, in Southeast Asia region.
This study is aimed to ascertain the effects of different source of inorganic nutrient on the nutrient uptake and distinguish the effect of different light intensities on uptake of ammonium, nitrate and phosphate by G. manilaensis.
MATERIALS AND METHODS
2.1. Study area and sample preparation 2.1.1. Experimental set-up G. manilaensis was assembled from a pond culture in Kampong Bukit Berangan and Kota Kuala Muda, Kedah, Malaysia. G. manilaensis was kept in a polystyrene container containing ice to preserve seaweed. Dirt and epiphytes were removed from seaweed in the laboratory (Dawes and Koch, 1991) . Then the sample was kept in an aquarium that had 25ppt of artificial seawater and acclimatized for three days under the accompanying circumstances: 50 μmol photons m -2 s -1 light intensity for different nutrient concentrations and for uptake under different light intensities (30, 50, 100, 150 µmol photon m -2 s -1 ) (SUNS INTERNATINAL LCC, model: LX-101, USA), (photoperiod 12hL: 12hD) and aerated. The investigation led to test the impacts of nutrient concentrations and different light intensities went on for 24 hours and water tests were recovered at 1, 6, 12, and 24 h after starting for nutrient examination. Water tests (10-30ml) depend the method were gathered and put away under 0 °C for later nutrient examination.
After the acclimatization (3days 50 μmol photons m -2 s -1 for different nutrient concentration, different light intensity, 30, 50,100,150 µmol photon m -2 s -1 ), the tests were carried in sets utilizing 500 mL flasks. Toward the start of every experiment, at a concentration of 2 g wet weight L -1 a new thalli of G. manilaensis were set into three duplicate flasks with 400 mL artificial seawater (ASW) medium (without N and P) under aforementioned culture circumstances. KNO 3 and NH 4 CL (territory 20, 50, 120, 200, 300 to 500 μM) and KH 2 PO 4 (territory from 2, 5, 12, 20, 30, to 50 μM) were added to the medium as the separate P and N nutrient sources, keeping the N: P proportion around 10:1, for uptake rate nutrient under different light intensity add KNO 3 -P concentrations were also ascertain utilizing an ascorbic acid (Method 8048) were spectro-photometrically determined as indicated by standard strategies (Hatch DR 2800 spectrophotometer (USA). Phillips and Hurd (2004) provided the formula to calculate the uptake of seaweed nutrients. Following formula is used to compute uptake rate in various nutrient concentration:
Nutrient uptake
Where, V is the rate of supplement uptake (µmol gfwt -1 h -1 ), Si= substrate concentration toward the start of time interval (µM), S f = substrate concentration toward the end of time interval (µM), Vol = volume of water toward the start of time interval (l), t = time (h), Fw = sample weight (g)
Statistical analysis
Statistical analysis was performed using predictive software SPSS (SPSS 22.0, IBM, US). Data collected were analysed for variation using Two-way ANOVA and the differences were contrasted using Tukey's multiple range test at 5% significance level (Dehgahi et al., 2015) . on all medium containing nutrients is significantly higher (Two-way ANOVA, Tukey test, p <0.05). Although, there was no significant difference between some treatments (Figs. 1, 2).
RESULTS

Effect of different concentrations of NH
Fig. 1: NH 4
+ uptake rate under different concentration of NH4 + by G. manilaensis at 1 hr, 6 hr, 12 hr, and 24 hr over 24 hours of experimental period. Results are shown as mean ± standard error (p < .05); (n = 3). Before the end of test, just about 64. 83, 64.79, 66.75, 69.57, 61.17, 60.17, 57.18, 48.88, and 22.73% of NH 4 + was removed from the way of culture additionally.
Effect of different NO
Results of the present study indicated that increasing NO 3 --N concentration resulted to increasing trend of uptake rate. There were significant differences between all treatments expect 500 µM with 200 and 300 µM concentration in first hours. There was not significant differences during 6, 12, 24 hours between 200, 300 and 500µM concentration uptake rate after 6 hours.
Results indicated that PO 4 3-concentrations and experimental duration had significant effect on uptake rate. G. manilaensis shows no significant difference (P<0.05) in uptake rate at concentration 30-50 µM PO 4 3-concentrations at 1, 6, hours of treatment. However, there was not significant differences in the uptake rate at 2 and 5 µM concentration during 6, 12, 24 hours experiment. 3--P uptake rate under different concentration of PO 4 3-by Gracilaria manilaensis at 1 hr, 6 hr, 12 hr, and 24 hr over 24 hours of experimental period. Results are shown as mean ± standard error (p < .05); (n = 3). 
Effect of different light intensities on NH 4 + -N uptake rate by Gracilaria manilaensis
The uptake rate of G.manilaensis under different light intensities and 50 µM NH 4 + , 50 µM NO 3 -and 5 µM PO 4 3-decreased over the time, and the most uptake rate happened in the first hour compare to end of experiment (Figs. 5, 6, 7) . Result of the present study showed that NH 4 + -N uptake level is increased according to the light intensity (Figs 5, 6, 7) .
Results Results indicated that experimental duration had not significant difference (p<0.05) on NO 3 -uptake rates of G. manilaensis. Significant decrease was observed in N uptakes after different light intensity between the first and 24 hours of measurements.
In addition, at all the irradiances, the N uptake rate reduced over time. The highest uptake has been showed at first hour of observation. The increase in the irradiance of NO 3 --N led to an increase in the N uptake rate. A similar pattern was observed for the NH 3 + -N concentration but a significant difference between the uptake rates and the different irradiances was not found.
Same trends were observed for PO 4 --P results. After 24 hours of treatment, the concentrations were recorded as 57. 60, 65.80, 69.20, and 71 .40% PO 4 -P. Over time, the uptake rates of P decreased. The highest uptake rates were found at first hour of observation (Table 7 , Fig. 7) .
Results of the present study indicated that nitrate removal content for G. manilaensis at first observation of subjection with NO 3 -were of 5. There was no significant difference on uptake rate by G. manilaensis at light intensity between 30 and 50 μmol photon m -2 s -1 and also between 100 and 150 μmol photon m -2 s -1 (Table 7 , Fig. 7 ). 
Concentrations on the Uptake Rates of NH 4 + and PO 4 3-by Gracilaria manilaensis
Results of the present study showed that G. manilaensis can absorb nitrogen even at concentration as high as 500μM which is the highest absorption reported yet. With increasing N concentration, the N uptake rate increases as shown in Fig. 1 . Generally, the uptake performance of NH 4 + and NO 3 − by G. manilaensis decreases over time.
Gracilaria manilaensis is more efficient in taking up NH 4 + , either in light or in the dark. Furthermore, higher uptake in light period collected. Based on Fig.  1 , uptake of NH 4 + is not saturated. Abreu (2011) believed that the nutrient uptake by Gracilaria species was carried out by simple diffusion revealed by the non-saturated uptake kinetics. This kind of kinetics has been described for other Gracilaria species such as G. tikvahiae and G. vermiculophylla (Abreu, 2011). In this study, decrease in the overall uptake performance of NH 4 + and NO 3 -by G. manilaensis was observed after 24 hours of experiment. A similar decrease in N uptake rates with time of exposure to nutrients was previously observed in other studies (Pedersen et al., 2004) .
The result of this study showed that there is similarity on NH 4 + and NO 3 − uptake where uptake increased with increase in NH 4 + and NO 3 − concentration. This linear relationship was also reported for G. pacifica by Thomas and Harrison (Thomas and Harrison, 1987) . Naldi and Wheeler (2002) found that NH 4 + uptake was observed in G. pacifica at ammonium concentration of 500 μM in 24 hours. 500 µM removal of NH 4 by G. manilaensis collected in this study for the first time. Furthermore, several studies have confirmed ability of Gracilaria species to remove NH 4 + . The ability to remove high concentration of NH 4 + from several other algae species have also been reported by Pereira (2008) . Hence, it is normal to the seaweed when acclimatised in N deprived conditions as the condition of this study, it is able to uptake high concentration of NH 4 + . The results of this study also revealed that uptake of N in G. manilaensis in NH 4 + -N form with the value 17.768 ± 1.57 μM g −1 DW h −1 was non-saturated at 500 μM, but for NO 3 --N; the uptake was saturated at 300 μM with the uptake rate was 9.02 ± 1.17 μM g
. The highest rate of P uptake in the first hour of the experiment of mixture NH 4 + -N with PO 4 3--P was 5.80 ± 0.73 μM g −1 DW h -1 , while P uptake rate in the first hour of the experiment on the mixture NO 3 --N, PO 4 3--P was 3.895 ± 0.499 μMg −1 DW h -1 and both, NH 4 + -N and NO 3 --N uptake were non-saturated at phosphate 50 μM. This result could be due to the presence of intracellular spaces in G. manilaensis where high concentration of NO 3 --N in the media is needed to fill up these intracellular spaces and as a result, the uptake of N may be decreased (Ale et al., 2011) . However, it was observed that after the interval of 24 hours the overall uptake of N and P were significantly decreased as reported from other studies as well (Speliotes et al., 2010) . Non-saturated P uptake rate in a mixture of NH 4 + -N and NO 3 --N was at the concentration of 50 μM. Higher phosphate uptake collected when combined with ammonium in compare with nitrate combined condition may contribute nutrient effect of ammonium as essential element for G. manilaensis growing. Thus, nutrient concentration management in aquatic medias will play main role in growing of live organisms and consequently, cleaning of the environment. The result showed that ammonium uptake rate was still significantly higher than the nitrate uptake rate. However, the uptake rate for both ammonium and nitrate showed decreasing trend over time, which is agreement with the work done by Abreu (2011). Poonnachit and Darnell (2004) investigated the uptake of ammonium and nitrate by Vaccinium species and found that ammonium uptake rate was higher than the nitrate uptake. They stated that higher rates of ammonium uptake may be correlated to the enzymatic pathways being used to take up ammonium. Our results are in line with Poonnachit and Darnell (2004) and indicate two times more uptake for NH 4 + -N in compare with NO 3 -−N. The result of this study indicated that with increasing nutrient concentration during 24 hours, overall uptake of N and P significantly decreased. The highest nutrient removal carried out in first hour in 24 h period of study. Similarly, Abreu 4 who studied ammonium (NH 4 + ) and nitrate (NO 3 − ) uptake by Gracilaria vermiculophylla in high nutrient concentration at longer duration (of 4 hr) revealed that N uptake rate decreased. The lower of the mean uptake performance across 24 hour period, compared with during the first hour, may be attributed to the inclusion of changes in the uptake processes (12L/12D). As expected, during dark periods, uptake efficiencies were generally lower because of the lowest photosynthetic rates of seaweeds in the absence of light .
This study has presented the changes in the uptake of inorganic P and N by G.manilaensis under different concentrations of mixtures of ammonium and nitrate with Phosphate (10/1). In many cases, phosphate seems to leak out of the algae after 1 hr in the medium (Pedersen et al., 2004) , same trend for G. manilaensis collected in this study with low concentration of phosphorus in the medium after first hour. This finding may contribute higher growth of sea-weed in suitable balance of nutrients in order to higher efficiency of pollutants removal and biomass production. Hurd and Dring (1991) stated that phosphate was rapidly taken up in fucoids during the first half hour, followed by near-zero uptake rates during the next 30 min and then moderate uptake rates for the remaining several hours. Pedersen (2004) believed that this issue might explain the remarkable variation presented in uptake rates of phosphate, especially during the first hours. Results of this study revealed that G. manilaensis showed non-saturated P uptake with a maximum value at the highest nutrients concentrations. Similarly, Fan et al. (2014) investigated the effect of different concentrations of P on P uptake by Ulva prolifera during 48 hours. They found that in the first 6 hours, P uptake was in its highest value, but over the time P uptake decreased. Their results revealed that with increasing nutrient concentration, non-saturated P uptake also increased in all observations. Thus, they recommended that higher concentration of N needs to be maintained to achieve higher rate of P uptake while higher concentration of P is needed to achieve higher uptake rate.
Effects of Different Light Intensities on Nitrogen and Phosphate Uptake Rates by
Gracilaria manilaensis
Nutrients and light are the key environmental factors that determine growth. Light intensity is an energy source for seaweed to grow and is the most important factor for controlling N uptake.
As clearly shown in Fig. 4 , standard deviation of ammonium uptake is highest in the first hour. The bigger standard deviation in the first hour can be due to the past nutritional history of the individual thalli. Hurd et al. (2014) stated that light provides energy to produce power and ATP utilised in nitrate transport, reduction of NO 2 -and NO 3 -to NH 4 + fixation into amino acids. Furthermore, light produces carbon skeletons that are necessary for incorporation of nutrient ions into larger molecules.
Growth rates in algae generally increase with increasing irradiance until photosynthesis is saturated (Grobbelaar, 2009) . Nutrient uptake and assimilation mechanisms are the link between the resources externally available and the demands for growth . For example, the growth rate of G. lemaneiformis increases with increasing nutrients . Results of the present study indicated that nitrate and phosphate absorption capacity highly correlated to light intensity conditions, meanwhile; light intensity has no significant effect on ammonium uptake rate. In other words, with increasing light intensity, NH 4 + -N removal increases non-significantly (Fig. 5) Li et al. (2012) found that the best nitrogen consumption by algae is under light intensities of 120 and 200 µmol m -2 s -1 for C. kessleri, and 30, 60, and 200 µmol photon m -2 s -1 for C. protothecoide. Additionally, they stated that total nitrogen (60% to 80% of which is ammonium), was also greatly consumed by algae growth during the cultivation. Through the algae cultivation, approximately, 62.2% of nitrogen is removed by C. kessleri, and 64.5% of nitrogen is removed by C. protothecoide. Abe et al. (2014) reported that the highest ammonium removal rate was 55% (removal concentration = 83 NH 4 + mg L −1 ) in 72 hr at the light intensity of 57 μmol photons m −2 s −1 . In this study, nitrate uptake in the first hour depended on light intensity and the uptake rate increased parallel with the intensity of the light. The uptake dropped at the 6 hr and 12 hr. The uptake of NO 3 --N at high light was approximately two times higher under the tested experimental conditions compared with under low light. This finding is in agreement with the study by Anderson and Roels (1981) who found the uptake rates of nitrate and nitrite by Chaetoceros curvisetus under natural light intensities ranging from 0 to 2000 µE and 0 to 5000 µE were inhibited at higher light intensities. MacIsaac and Dugdale (1972) who studied the interaction of light and inorganic nutrient uptake by algae in the sea found that ammonium uptake at the sea surface was higher compared with nitrate uptake. Some researchers achieved similar or higher rates of NO 3 -uptake in green algae, up to 169 µMg -1 DW h -1 (O'brien and Wheeler, 1987; Lavery et al., 1991) . The rates of nitrate uptake by brown algae have been reported in the range of 3 to 27 µM g -1 DW h -1 (Harlin and Craigie, 1978; Ahn et al., 1998) , while uptake by red algae were within the range 10-35µmol g -1 DW h -1 (D'elia and Deboer, 1978; Haines and Wheeler, 1978; Smit, 2002) . Many studies reported that nitrate uptake rates increase with increasing light irradiances (Smit, 2002; Ozaki et al., 2001 ).
Markou 43 stated that some algae have a phosphorus storing mechanism through which they take up phosphorus in greater quantities than those required for their immediate growth and they store it as polyphosphates in intracellular form. Results of this study also revealed that phosphate removal was higher as the light intensity increased. Markou et al. (2012) studied the effects of various phosphorus uptake in relation to light intensity in Arthrospira (Spirulina) platensis. Their results revealed that with increasing light intensity, phosphorus removal also increased. Xu et al. (2011) reported that P uptake rate in Laminaria japonica did not show any significant differences with increasing light intensity, except for 144 µmol photon m -2 s -1 , which showed higher uptake rate compared with uptake rate at 18, 36, 72, 270 µmol photons m -2 s -1 . To sum it up, aquatic media as a live solution has several interactions by nutrients, pollutants and light intensity as an effective growing factor on G. manilaensis in coastal areas and ponds. On the other hand, finding optimum condition of aforementioned factors throughout uptake process could not be considered as constant circumstances. Thus, results of lab scale studies illustrate specific circumstances for specific single action.
CONCLUSION
Based on our best computer knowledge on scientific web, it is the first presenting for light intensity and nitrogen concentration for higher nutrients up-take by Gracilaria manilaensis. By increasing nutrient concentration, nutrient uptake rate increases in G. manilaensis. Furthermore, G. manilaensis showed a non-saturated ammonium and phosphate uptake kinetic. Ammonium uptake is higher than nitrate uptake because less energy is needed to consume ammonium in the photosynthesis process compared with nitrate. The results also indicated that G. manilaensis had the potential to remove excess nutrient in coastal areas. This makes it a promising species for both purposes, one for removing nutrients from seawater, the other for economical uses such as food, and raw materials for the agar-agar industry. Large-scale cultivation of G. manilaensis could be an effective bioremediation measure for eutrophication control in Malaysia coastal waters and pond.
